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‘1’EST’SOF THE WEAK EQUIVALENCE PRINCIPLE FOR
ANTIPROTONS AND POSITRONS FROM PARTICLE-

ANTIPARTICLE FREQUENCY COMPARISONS

Richard J. Hughes

University of California,

Los Alamos National IAoratory,

Physics Division P-15,

Los Alamos, NM 87545.

Within the next few years improvements in the precision s~troscopy of single

particles or antiparticles in an ion trap[l] will allow a comparison of the influence uf

gravity on the trap- particles to be made. ln pulicular, the comparison of proton

and antiproton cyclotron frequencies, which is used as a test of CPT symmetry for their

inertial masses[2], will become sensitive to a violation of the weak equivalence

principle by the antiproton in the d’s gravitational field[3]. An experiment to test

this fundamental principle of physics for antimatter has yet to be @ormed[4],

although a measurement of the gravitational acceleration of the antiproton is under

development[5], Moreover, m the longer term, it may be possible to compare the

frequencies of “sharp” tmnsitions, such as the h~rfme or 1s-2s, in hydrogen and

antihydrogen with even higher precision[6], which would provide a test of wmk

equivalence for the p3sitron[3]c

The cyclotron frequency of a charged particle in a magnetic field constitutes a

local clock. It is well known that the gravitational red-shift of the rates of two clocks

which are separated by some height in a gravitational field results from the coupling of

gravity to the energy content of the clocks[~, and that a measurement of the red-shift

provides a test of weak equivahce for the c!ock energy[8]. Therefore, although the

cyclotron frequency of a proton in a magnetic field will exhibit the usual red-shift of

general relativity in a gravitational field, the antiproton cyclotron frequency would not

if it does not obey the weak equivalence principle,

This observation leads to the possibility of testing the equivalence principle for

the antiproton by comparing its cyclotron frequency with that of the proto,l in the same

magnetic field and at the same height in the earth-s gravitational field. ‘lWs is because

although the cyclotron frequencies of this particle-antiparticle pair would be identical in
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the absence of gravity (at “infinity”), under the assumption of exact CPT symmetry,

they would have differenl red-shifts between “infinity” and the surface of the earth if

the antiparticle violated the weak equivalence principle, and this would produu a non-

zero frequency differenm. The conventional red-shift between “infinity” and the
surface of the earth is GM@/Recz - 6x 1010. Therefore, if it is found that the

cyclotron frequencies of the proton and antiproton are equal to 1 pal in 1(P in the me

magnetic field[2], this result would rule out the possibility that the antiproton

experiences a gravitational acaleration which is double (or opposite) that cf the proton

in the earth’s gravitational field[3]. Moreover, if the precision of this frequency

comparison can be improved to the 1012 level[l ], such an experiment would provide a

test of weak equivalence for the antiproton in the earth’s gravitationat field at the 103

level[3].

Similar considerations apply to any other pair of CPT-cmjugate clock systems.

For instance, a comparison of the hypetilne or 1S-2Stransition frequencies in hydrogen

and antihydrogen could potentially provide a ve~ sensitive test of weak equivalence for

the positron[3] in the d’s gravitational field. The 1 Hz natural line-width of the 1s-

2s transition in hydrogen offers an eventual precision in this frequency com~son of

psibly better than a part in 10I3[6], which would translate into a test of weak equiva-

lence for the positron in the earth’s gravitational field with a precision of better than a

pat in 1(P, if this measurement could be achieved in antihydrogen as well. Of course,

many technological obstacles need to be overcome before such high precision spa-

troscopy of antihydrogen becomes possible, not the least of which is antihydrogen

production itself, for which three different schemes have been proposed[9], Other

difficulties include the trapping, manipulation and cooling of the antihydrogen, rquir-

ing the development of a Lyman-a laser, and the development of appropriate optical

frequency standards[6], We must conclude therefore that these vety exciting physics

possibilities with antihydrogen are of a much longer term nature than the improvements

in the spectroscopy of trapped antiprotons, where the neceswy techniques are already

in a state of active devclopment[ 1].
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